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INTRODUCTION

During the 1961-to- 1964 perioad, the Working
Group on Estraterrenirial Resources devoted
its main efforts to analyzing the econviny of
space flight with the use of extraterrestrial
resourcen, and during the lust 2 vears the
American Astronauticsd Society as well as the
Institute of Aerunanutics and Astronuntios have
begun to devote special sessions to problems
associated with the putentiv wse of extra-
terrestrial resources and/or dealing directly with
the subject. In Oectober 1908, the XIXth
Internativnal (longress of Astronautics will hold
special sessions in New York, N.Y., which also
will deal with this timely subject.

During the XVIIith International Congross
of Astronautics, Prof. Fritz Zwicky of the
California Institute of Technology presented a
very impréssive lecture on this subject, and,
more recently, Prof. Donald Menzel, Director
Emeriti of the Harvard Astronomical Observa-
tory, called the attention of the scientific com-
munity to apparently obvious indications of
water action having taken place in the remote
past on several locations 6n the Moon. These
described phenomena can be clearly seen on
recent lunar orbiter pictures. In a recent
private communication, Prof. Harold C. Urey
of the University of Californin at San Diego
also supports this view. These interpretations
can have considerable hearing on the work done
by the Working Group and could be of far-
reaching influence on the future course of space
flight. Those who have followed the work of
this group will remember the frequently stated
fact that support of extraterrestrial space flight
and the logistics of manned stations oh the
Moon or in interstellar space will require that
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more than ¥ pereent in weight of all vital
logistie supplies will consint of water or its
derivations, if we plan to use oxygen and
hydrogen us fuels.

Anaother subject recently discussed more
frequently in space-flight-related meetings is the
quest for utilization of the extraterrestrinl
environment for commercial and industrial uses
in addition to research objectives. Many
processes performed on Earth are subject to
limitations as 8 consequence of our particular
Earth environment. To achieve particular
objectives, mun has artificially changed his en-
vironment, for instance, to make these cominer-
cial objectives more efficient or more economic
at a cost. However; our state of technology
und the celestial body we happen to live on
sometimes do not permit us to duplicate
environments on Earth with great economy ; we
could achieve them more easily in space «r on
the surface of celestinl budies within reach of
our Earth by space flight.

A third observation I would like to make in
that space flight at the present cost level will
not become dttractive to many of the proposed
uses, particularly those which entail commeorcial
uses, much beyond the ones recognized us
economically feasible. Substantial reduction in
space flight cost would attract many new uses
into the “orbit” of commercial utilization of
space flight. These uses in themselves wauld
tend to reduce space-flight cost hecause of the
increased volume of space flight atd the factors
involving teaction to cont s « function of
volume and time.

The following remuarks will be devated 10 the
various possibilities and fuctors which eonld
involve, or result in. incrensed economy of
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spaee flight and the promotion of commereinl
ventures making industrinl or other wse of
extraterrestrinl resources and environments,
These remiarks are based on my own past work,
on work of members of the Working Group or
of contributors to it, and on more recent
independent  observations and contributions,
which have resulted as n consequence of our
growing storehouse of knowledge of the cislunar
and linar environment,

DEFINITION OF EXTRATERRESTRIAL
RESOURCES

Extratérrestrinl resources can be considered
resources which can maintain space flight and
human life in space and on estraterrestrinl
bodies withont Enrthederived logisties.  In
other words, self-contuined exploration, opera-
tion, and settlements, as, for example, i the
Moon, und maintenance of traflic and logistics
hetween different extraterrestriul Inudies witliout
continuing logisties from Earth, wonid reguire
extraterrestrinl resanirees, But we can define
this terms even tmore broadly.  Plvaical phe-
nomenn  can  be cousidered  extraterrestrial
rexairces, too, af they pernnt us 1o condiiet
processes or operations which would be more
difficult or less ecorpapical to achieve m the
natural Eurth and Earth atuvsphere envirou-
ment, suel as lowered or disappearing vravity,
wide spevtram of cudiation lesel, varving degree
of vacuum, extreme temperatiire environment,
or potentinl or Kinetie energy levels diffienlt
to achuere from Faurth,

Thewe resnunves conld he:

(1 hndigeno « raw materials to produce fuel
and life suppor

(2 Rnddigenons ruw materinls to support con-
stovction and operstion on the Maon,

30 Raw nmterinls of value und qualities to
be furnished from extratevrestriul fesources to
the Enrth.

4 Eavironmental  conditions  difficult  to
achieve on Karth as, for example, lack of
gravity, differeat sadintions or lnck of radia-
tivns, and degree of achievable vacunm.

(5) Natural radiation speetra and propaga-
tion phenomena not direetly available on Earth,

Of the consumables, water und oxygen require
the highest support level in weight to maintain

EXTRATERRESTRIAL RESOURCES

human life in extraterrestrial space, Sinee
oxygen is the major weight component of
water (approximately 87.5 pereent), availubility
of water alone eould reduce logistic require-
ments to support life by almost 40 percent.
Oxygen nnd hydrigen, a highly effective fuel
und oxidizer combination for chemicul rocket
maotors, éotld he supplied from water nad thns
this logistie percentnge would be incesused far
nhove the S0-percent puint.

More recontly, numy projuosals huve heen
ll"ld? tor - 0‘\"‘!\“"”'“”5"' PRAINITNeNt {or
manufactuge of products whach would be diffi-
enlt to produce on Banth hecaase of lghegeavity
effects, nut fow enomighi sacuam the need 1o
add or remve hent at high rates economieally,
or the need to provude conditions of pecaliar
racintion or almence of 1t 10 the product s of
sufficiently high value with respect 1o 1S weight
of volume when the cost o f transportation is
inchuded, 11 may pay 1o have it prdinced eutside
the terrestrinl envionment.  Tn tum. if trans-
portation cost 1o esteatervestrial space is Jow
enengh, the candidates potentially capuble of
taking advantage of thix environment may
increase t stich o magnitude that use of spuce
for commercial purposes may become increns-
mgly attractive and eventually self-supporting.
Prof. Zwicky, in his paper given during the
XVith International Astronautical Congress,
made an elogquent case for using the Moon as o
resource for fuel und life support by using
winerals of expected high abundance to produce
fuel and life-supporting oxygen.

THE CASE FOR THE PRESLNCE OF WATER
IN THE MOON AND THE INNER PLANETS

Prior to unmanned lunar landings and lunar
orbital flights, the prevailing theory of the
composition of the lunar crust and the lunar
interior was bused mainly on the assumption
that the Moon, being u part of the system of the
inner plunets of the solur system, would have to
linve o distribution of elements similur to that
found on Eurth, If this is true, one then could
expect thut water, which is not now observable
on the surfuce of the Moon, could possibly
have played u role in the lunar pust or conld be
expected to be found in the form of water of
crystallization or hydration within the roky
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waterial of the afive and miterior of the
Mecas b eren ekt be fonnd i underzronnd
Linit depostts in the form of hoguid water or as
prertuafeost  partgobady e wrens whivh have
surface tesnperatures pergn ently below freez.
e devel  Presence of dipuid water canld he
purticalarly expectod Bf volamism s heen
wetive e the lapar past or is present even at
tha tune. o i interior temperatures, due to
compression and possibly radionetivity, reach
levels reguired 1o sturt dehydention of the rock
material (300° 10 1400° (),

Anudysis of the alphu-scattering experiment
nsend on Surveyor Voafter its lunar landings, as
revently reported by Dr. Newell of NASA und
his team and, particulurly, by Dr. Anthony
Torkevich of the University of Chicago,
shows preliminary results of composition of
surface rocks (table 1) similar to that ohserved
on rock samples of the Earth. This confirms
the expectation of there being approximately
the sume relutive abundance of elements as
there aré on Earth. This scientific achieve-
ment can be considered us one of the greatest
in human history. Even if this fundumental
experiment to obtain the chemical composition
of the lunar surfuce materinl reflects the com-
position of only a very thin surface layer und
does not give insight into the compuosition of
the rocks of the crust below, in which case
much of the information might be based on
meteoritic dust sp.read over the Moon's surface,

TaBLE 1.—Chemical Composition of the Lunar
Surface at Surceyor V' and VI Sites (Pre-
liminary Results)

Atoms, percent, founid by-—

Element —
: Surveyor V ESnrw-yor Vi
[ R e ;-n- ;
Cathott.. ........ooua...; <3 | <2
ONVRED . o oo iaieaa " b8 45 87 5
Sodists. ... .. I, , L2 <2
Mughiesivm. .. ... ... .. { 3 £3 i 3 43
Alinum . ... ... .. 6.5+2 6512
Nifies.o.. oo I8 H43 22 +4
Caleinm. .. . ... .... ' | 6 +2
Irom..... e e iimenaese- ' 13 3 . 3 £2

bt not originally from the Maon, this achieve-
ment loses none of it significance,  Another
churncteristic of this experiment is that it
cannot diselose or deteet the presence of hydro-
gen, which is necessary to prove presence or
certuinty of water within the Joon, A de-
termination of the relative abundunce of water
hus to be derived by indireet means of ruther
high uncertaimy,

Before 1 come to another ubservatioh, which
may point to presence of water at some point
of time in the history of the Moon, T winild
like to present two figures originally published
by NASA which conipare abundances of ele-
ments représented in terrestriul rocks to tha
obtained on the surface of the Maun av ex-
hibited by the alpha-seattering experiment of
the Surveyor V (figs. 1 and 2. Dr. Gault's
interpretation, as published in the preliminury
results of the Surveyor mission, postulates that
the lunur-surfuce materinl as presented by the
ulpha-scattering experiment is be<t jnterpreted
to consist of a genetal basaltic compuosition.
This confirms the prediction of Dr, Juck Green,
who has been a distinguished speakér to the
Warking Gronp in the pust.  Proof of presence
of buasaltic material, confirmed in parallel to
the alphu-scattering experiment by a magnetic
properties test and a proton-scattering test,
points to the fact that, within the interior of
the Maon, rock matetrinl of ultrabasic type has
reached temperatures necessary to drive wuter
of erystallization or hydration out, but in some
cuses or locations the temperature was noi
sufficient to melt the originul rock material. 1
would not postulate at this time whether such
melting took place as a result of mechanical
heat géneration caused by impact of large me-
teors (which possibly resulted in the existing
maria), whether it is a direct consequence of
internal heut generation (independent of heat
of impact), or whether it wis a consequence of
the originul source of the materinl not being of
the Moon at all.

Prof. Donald Menzel, in his paper presented
to the last techinical conferenice of the AIAA
at Annheim, Calif., in October 1967, showed
o number of specific surfuce features of the
Moon, which, aeccording to his interpretation,
can only be caused by lignid erosion by water
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Froure 1.—Abundance of clements found in torrestrial granite and that of clements found on lunar surface by alpha~
scattering experiment of Surveyor 5.
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Fiaure 2.—Abundance of clements found in various terrestrial rocks and that of elements found on the lunar surface
by alpha-scattering expetiment of Surveyor 5.
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or by a medium huving similar properties,
Theno erosion fentires ate distinguished by their
meandering tracks, which begin monstly nénr n
crntor's fractured wall and econtinne townrd
fower torritory an they gradually fade ont,
Figure 3 ix a picture of such o vare tnken by
Lunar Orbiter V. Pietures obtoined  from
Gemini missions show similee erosion fentures
on the surface of the Earth enused by water
eronion in desert arens (. 4).  Both Dr, Urey
and Dr. Menzel agree that these fentures point
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toward aetive water erosion sometime in pant
junar history and to the distinet possibility
that, in spite of the apparent harronness of the
surfuce, underground liquid water storuge
oxists.  Dr. Menzel goes even further in his
conclusions and  postulnies that, under  the
assumption of relative wbundances of cosmie
clements on the Moon, the Moon ought to
have had up atmosphere in its distant pust
and ovidence of this should turn up in futnse
observations on  the  Moon itself, These

Fiaure 3.—Lunar Orbiter V picture showing erosion on surface of the Moon,
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thoughts and conchisions are not too much
different from those presented in the past years
by Dr, H. Strughold and this author,

EFFECT OF INDIGENOUS FUEL SOURCES
ON SPACE TRANSPORTATION

The problem of producing fuel and oxidizer
on the hnar surface or on a planetary surface
from the indigenous raw materinls has heen
studied in the past, and a number of processes
have been developed or proposed as concep-
tional approacheés, which are derivatives of
industrinlly known processes, but take inte
aceount the particular operational and environ-
mental peculiarities of extraterrestrial appli-
cation,

Since transportation costs to a lunar or
planetary location are very high as compared
with the specific cost of establishiment, opera-
tion, and maintenance of an industrial chemical
plant and its manpower for conventional Earth
use, the design has to reflect extremely low-
weight construction, long life, minimum-type
preventive maintenance, resistunce to wear,
and a very high degree of attomation to save
operating manpower. Installation and assem-
bly ure other areas requiring u very high degree
of sophisticated engineering, so that final
assembly can be accomplished at the extra-
terrestrinl destination with a minimum of
manpower and equipment. Use of construc-
tion materials with properties now on the
fringes of our technology may be cheaper in
total cost, including transportation, emplace-
ment, and long-term operation, than those that
current chemical-plant construction technology
and practices may be able to provide; therefore,
a considerable amount of advanced engineering
and fabricati-m reséarch will be required.
Waste disposal from the manufacturing site
may also cause probléems which in the case of
fubrication on the Earth are éusily surmount-
uble although frequently bothersome, but under
extraterrestrial environment and extreme short-
age of manpower may become important
factors to deal with. Here, the magnitude of
the problem is directly proportional to the
yield of waste as co apured with the useful
yield and, in the case ¢f fuel, to the inverse
specific impulse produced per pound of fuel.
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If pure water is the raw materinl, the cnse
of no waste would be the optimum ease, while
for n raw materinl of 1 percent extractable
wuter content, the waste would have 100 times
the weight of the product und possibly hetween
30 and 100 times the volume of the useful yield,
“This ratio can become a problem as to waste
disposal, difficult to haudle with a minimum of
pliysical labor, and requiring considerable anuly-
sis of engineering solutions and many other
aspeets, as, for example, the cost per construe-
tion man-hour or assembly man-hour involved
to complete the plant to turnkey conditions,
A value of $15,000 per man-hour was arrived
at from studies of one such éxample. De-
pending on the details of the assembly and
duration of the job, this number may fluctuate
in 2 wide range around this value. Studies
done in my office by members of my staff
indicate that, given a lunar source for fuel, the
amount of fuel needed to maintain a certain
level of spuce-flight activity between Earth
orbit and lunar surface, broken down into
two traffic sections (Earth orbit to lunar
orbit and lunar orbit to lunar surface), shows
advantages for lunur-based systems (fig. 5).
One can see immediately that a substantial
udvantage for the lunur-based system extends
in the case of the round-trip-payloud mode to
between 1000 and 2000 nautical miles above
the Earth, and in the case of the one-way-
puyloud empty-return mode down to 300
nautical miles. In this mode, it appears that
Earth-launch payload fractions never show an
advantage. For example, assume that 1-
million-pound vehicles are luunched from the
surfuce of the Earth und from the lunar surface.
The Earth-based system will deliver approxi-
mately 3.9 percent of its launch weight aa
payload, or 39 000 pounds. Using the sume
level of technology, the lunur-bused system on
the other hand will deliver 6.5 percent, or
85 000 pounds, to the 300-nautical-mile Earth
orbit.

While fuel per pound produced on the Moon
will be more expensive than that produced on
the Earth, the implication of the lunur supply
permits one to break down opérations into
individual traffic sections and achieve an
optimum traffic pattern so that the space-
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F1ure 5.—Earth-surface and lunar-surface launch payload fractions against missfon altitude.

flight system can be designed us a fully reusable
system permitting hundreds or thousands of
round trips with little cost of maintenance and
spare parts, as soon as the used powerplunts
are designed for a high reuse level. In such a
use pattern, currenitly employed stages, as,
for example, the Saturn S-IVB and S-1I,
show spectacular payload weight fractions,
even unmodified from their standaid configura-
tion. Siuce thrust-to-weight fractions for the
Earth-orbit-to-lunar-orbit shuttle can be con-
siderably smaller than 1 and, meantime, the
fuilute coused by reduced power setting can
alteady provide consideruble extension of life-

time without major engine redesign, an ap-
proach to using already existing hardware,
maodified in orbit, may be the easiest way to
convert space-flight operations using fully
expendable components gradually to a pattern
of increasing reuse of components,

Such a space-flight pettern, when introduced,
could be supplied with fuel from lunar re-
sources and could provide an extraterrestrial
transportation system of potential economic
superiority us a function of productive plant
sophistication. Whensuch asystemisanalyzed,
the yield of the extraterrestrial raw material
and plant operating cost sssociated with this
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yield become tradeoff factors. To obtain a
complete Earth surface to lunar surface round-
trip system, the transportation system’s final
link from Earth surface to Earth orbit and
return to Earth surface has to be considered
andits operating cost determined. If the Earth-
lunar section cost level is low as compared with:
the per pound cost of transportation from
Earth surface to Earth orbit, design and de-
velopment of a reusable link between Earth
surface and Earth orbit terminal system of
improved economy may eventually lead to a
trend of increasing space-flight economy and
would eventually vesult in an increased use of
space traffic to Earth orbit and to the Moon
for research, industriai, and commepeial reasons.
Although achievement of space aperations for
commercial purposes beyond the current prac-
tical cases (Comsat, Intelsat, weather satellites,
possibly navigation satellite use for commercial
air and ship traffic use, conventional TV
satellites, and near-future educational satellites
for transcontinental TV transmission) may
take decades, introduction and inereased use
of more economic reusable sections in our
space traffic pattern may accelerate com-
mercial uses to less than a decade if systemati-
cally made the objective of our military and
civilian space plans.

If one, for instance, would salvage S-TT and
S-IVB stages in orbit and perform overhaul
and preventive maintenance on these from an
orbital space station, these stages could be
refueled in Earth orbit and lunar orbit and fiy
back and forth between these two terminals.
The lunar-orbit terminal (a second orbital space
station such as these have been proposed for
the Apollo Applications Program) could be
established and serve as a support base for
vehiclesreturning from the Moon. These could
be parked on the lunar-orbit terminal, receive
preventive maintenance, and be reused; this
would obviate the need to bring in new ones
from Earth for every lunar landing. Tn this
case, only the lunar landing module would need
to be brought from Earth.

With the éstablishment of a small fuel-
genération plant, supplied with electric energy
from nuclear electric plants, as, for example,
SNAP-50, fuel conld be produced first for the

sole purpose of returning lunar excursion
modules (LEM's) to lunar orbit, and obviate
the need to bring new LEM’s from the Earth
to the Moon. Since the LEM has a greater
payload capability than has the lunar return
vehicle, a new capability of return payloads
begins to take shape. Increasing the fuel-plant
capacity further could then lead it to provide
an increasing percentage of the return fuel for
S-IT and S-IVB stages from lunar orbit to
Earthorbit. Excessfuelarriving from the Moon
in Earth orbit could be stored at the Earth-
orbit terminal and be used to refuel outbound
trips whenever possible; the need to bring fuel
to Earth orbit from the Earth itself would be
further reduced and the payload capability of
the Earth surface to Earth orbit transportation
system would be further increased.

Before this stage of operation is achieved,
there could he ai interim case in which instead
of fuel and oxidizer, only water would be
brought from Earth to the Earth orbit terminal,
and there the water would be dissaciated and
liquefied for use as fuel by using spent S-1I
stages attached to the Earth orbit terminal as
fuel storage tanks. Only a minimum of
conversion equipment, including a space nuclear
electric plant, would be required. The lunar
orbit terminal could be similarly equipped,
thus the operation could first start with water
brought in from Earth and later, with watér
extracted or mined from the Moon. The next
step would be to dissaciate water directly on the
Moon and thereby supply the fuel for the re-
turn to orbit of LEM's » d lunar return
vehicles. Payload of the LEM’s could be
lunar water to be converted to fuel in lunar
orbit. Those familiar with the components
of the Apollo system will agree that such a
bootstrap-type expansion of our space-flight
capability would considerably widen our space-
flight horizon.

Work done by and for the NASA Marshall
Space Flight Center under the Mimosa Study
and work done by Dr. Howard Segal deals with
the use of Apollo components beyond that of
the original Apollo concept and is extreniely
promising as to increasing economy of space
flight. Some of the thinking of Dr. Segal
should be revieved here. In the lunar orbit
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rendezvous mode, this combination can deliver
8780 pounds of return fuel and 2410 pounds of
cargd to the lunar surfuce from lunar orbit.
If fuel were available from sources on the Moon,
the 5750 pounds of fuel could be replaced by
puylond (total payload, 8160 pounds), One
could return not only the ascent portion of the
LEM to lunar orbit, but also the complete
original landing vehicle, which carried the
LEM; it would carry not only payload on its
return flight, but also fuel for the next landing
on the Moon, Dr. Segal has investigated
the possibility of returning it to Earth orbit
along with the command module. With these
two vehicles, one could maintain two levels of
shuttle operation between lunar surface and
orbit. Figures 6 and 7, which describe the
Segal case, show a 2- to 3-man-crew rotation
case and a 5- to G-man-crew rotation case,
respectively, with the associnted objectives of
a return to lunar orbit or to Earth orbit.

Orie interim approach which could be expected
to reduce Earth logistics by a factor of approxi-
mately 2.3 would be an approach which would
use lunar rocks which were recently proven to
exist on the Moon by Surveyor V. Dr. Rosen-
berg in 1964 investigated the use of silicate
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rocks, which are rich in oxygen (e.g., MgSiO,)
and which were expected to be abundunt on
the Moon, to provide oxygen for life support
and as oxidizer for use in rocket and extra-
terrestrial surface vehicle propulsion, Figures
8 to 10 describe the process he used, which is
within the state of the art of chemical manufae-
turing. In order to get the process sturted, an
initial supply of methane is needed, which is
recycled in the process. The product is water,
but this water needs to be dissociated to recyele
the hydrogen into the process. If methane,
hydrogeén, acetylene, ammonia, or other fuels
dould be found on the Moon and can be easily
collected, dissociated to H;, and liguefied, no
further resupply from Earth would be neecded.

As an insight into the yield of the pricess,
it takes 29 pounds of lunar rock to produce 8,33
pounds of oxygen, a yield of approximately
28.8 percent. However, at the site of the first
lunar base, where aceording to recent surface
material analysis (fig. 2) rocks rich in O,, Si;,
and Mg should be found, one cannot expect
that raw materials providing the above fuels or
similar fuels to go with the oxygen would also
be available. A long time may pass before
raw materials for these companion fuels may be

LUNAR ORBIT RENDEZVOUS

DIRECT FLIGHT

WEIGHT (L8S)

Fiauax 6.-—Return fuél requirements for 2- and 3-man-éréw rotations.
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Frovne 7.--Return fuel requiremonts for 8- and 6-man-crew rotations.
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found. [ think that the prospect of finding
water in minable form may be hetter,
However, this process could be the second
stop in a bootstrap buildup of spuve-flight
capabilities. Tho first step would net be to
bring oxygen and hydrogen separately as fuels,
but would be to bring water to Earth and lunar
orbit and eventually to the lunar surface and
to dissovinte and liquefy it there. Packaged
nuclear electric powerplants could be used to
dissociate it and radiators could be used to

reject excess heat to cosmic background in
order to liquefy its components,  After starting
Rosenberg's process, one need bring only half
the amount of weight in methane instead of
water to the lunur location, Methane packs
more than twice as much H; per pound than
water dues and one would dissociate hydrogen
from methane instead of from water, This
means that for return flights from the Moon,
it there is an oxygen supply there, u weight
only half that of water would have to be ferried in
from Earth: and carbon gas would be left on
the Moon as an extra bonus for further use us
a fuel. One can see that this approach has the
potential of cutting fuel logistics on the lunar
base by better thun half. This pessibility
points up the need for further analysis of other
possibilities of processes and compounds which
have still higher H, yields but have a high
enough specific density to reduce the transpeort
volume furthet.

While the weight factor of 1 to @ between
hydrogen and water is attructive, the bw
density of oven liquefied hydrogen ges reyuires
storage volumes and structural tank weight
fractions which niight be impractical as an
avenie toward the final goal of independence
from Earth logistics with current spece aystem
compunerits used as reusable carriers.  Then,
if water as & compound is found in minable
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MGSI0,. 2.9 LB

Fravag 9.—~Nilicate reduction reactar section; values based on oxygen production of 6000
pounds per mionth.

74 K
PRODUCT GAS:
"\ Bec CH,, 8,33 Ll../a/mo(u.t v;/a
H,y 0,156 LB/ HR (2,8 V™
|| raosavon H30, 0,38 LB/HR (3,1 V)
'AS FT7) 14,2 KW a3, 3 KW
HEAT
o EXCHANGER
1y
¢ 235°C CARBON wiTH
HEAT MONOXIDE REFRIGERANT)|
EXCHANGER REDUCTION |RADIATOR o »c
‘ ngctoa ) (250°C, : s°c
(280°C 4 ATM)| 68,8 Y
2%0°¢C PHASE
1w’ ¢ " SEPARATOR
REACTANT GAS:
I99°C] W08 LAV HR 3¢y
oo Vv o.oxw PROBUCT LiouD:
H,0, 0,30 LE/ HR * "0, 5,67 L W
@1 v PRODUCT GAS: :::‘:p
REACTANT GAS: CHyo BIILE/ HIE (43,1V) —
CO, 14,38 LB/ HR (N3 V') M2, 0,198 LB’ HR (8, 7V")
Hp0 2,230 LB/ HR (62,3 V') 130, 10,02 LB/HR (48, 2v9 LIRADIAT
Ha0, 0,33 LB/ HR (1,2 V7Y ‘ 8, 0F7¢) "‘I
no'c

Fruvme 10.—Carbon diozide teduction eractor sretion, Sgures based on osvgen peoduction of
6000 pounds per month.
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and prowesszhie gualities, the Rosenberg proe-
e~s ol b peplured by more efficient processes
anvelvinge extraction awld dissocintion to obtain
1O, at L. Every one of the deseribed
stegrs Worhl resdiee the logistie requirement. and
lead to a higher degiee of economy and in-
dependence from Earth,  For o while, these
processes conld he used pacullel to ench other
until the less efticient one can be replaced by
a proven and more eflicient process,

A next step conlid be the estublishnient of
a third spuce torminal ut one of the lunar libea-
tion points which wonld serve as a point of
departure for interplanetary  missions which
would be supplied with fuel fiest from Earth
and later from the Moon,

RECOMMENDATIONS FOR AND MODEL
OF A SPACE TRANSPORTATION SYSTEM

From the preceding diseussion, we can con-
clude thut o partly rensable trauspirtation
system which should inelnde landing ot and
establishment of a lunar orbital terminal as
well us o surfuce terminal can be cotisidered
well within the realin of possibilities of current
technology  aml  planned  vehiclées. If this
proposed approsch is to be used, however, it
mast be ineluded in our national space plans
aund implemented as we go g in using the
Saturit V system to expand our space cipn-
hilitiex. The real step forward toward a highly
evonwmiie Earth-surface to Earth-orbit system
worlld come when this part of the spuce trans-
portation link would be made at least purtly
revoverablie and would use components which
wre part of existing or near-future aeroxpace
systems, as fur as cither components op techs
nology of these aystens ure concerned.  The
enerent limited nunber of annunl space lannehes
of NASA ued the Depuetment. of Defense
dues not justify the early toplacement of the
current  nonreisyhie spavce  lnupieh  systems,
oned n ddesive for their replacement would
tined stronge support in either camp,  However,
thoughts have been advaneed throughout the
aientific community for graidually mproving
sibaystemn which eveintunlly would  prepare
the way toward more evonomic space flight,
including at benst partinl teusubility of space

vohicles, One item that eonld pave the way
in u fully recovernble reentry vohicle with
a capubility of Inunching and returning from
orbit o large paylond weight (40 000 to 60 000
pounds per light).  The other possibilivy wonld
ho to develop u mohile revsnble spoce-lninch
platform, nsing horizontal tokeoll and lanling
on  onsting  wmilitary  ranways as o nesded,
Neveral approuches for sneh o luoineh platforis,
good for the ramee from sibsonie Tnuteh speed
to hypersonie haaneh sposd, has e been advaneed
by the seientifie community st by indu=try
Although one can obtain higher pas? aels peer
pound  of  takeoff weight by goiige to higeh
separation speeds, there i wach indieation
that degree of reusability, level of preventive
maintenanee, cost of initinl developent, test,
and proenrement, and the technologieal risks
and uncertuinty involved would make such
an approach a long-lendtime appronch und conlil
be detrimental to the level of cost effectiveness
needed to effect space-launch cost favarably
even with high lnunch numbers. Use of the
lower speed speetrum from the range of high
subsonie to low supersonic transport apeeds
provides interesting possibilities besides fur-
nishing n redietion in technological risk, and
conld turn out to be economically superior to
other advaneed solutions.  Further seruting,
however, may place n higher AV burden on the
uppet stage or stages or require the reintey
vehicle to have a fimited AV capability of
its own. The interim stage or stages wonld
use  conventional  spacve  Inunch  aystenis
technology.

This approach, if jointly  undertaken by
DOD and NASA, conld fimt lead to w ~paee
resee aystens Which wonkhl be desipnble e s
point of departure il ax n menns of rapid
aveens to low Barth-ofhit tangets, independont
of inclinntion and ephemeris, us well as to
spuee stations,  For the Intter, the space reseue
westenin conld serve s erew rotation vehicle,
Sinee it initinlly nees u subsonic spuce-taimeh
platform, it wonld not involve major advanices
in apnee technolgy and would require only
the typical lendtime of o development within
enrrent state of the art for design and con-
atenetion or modifiention of aireraft and rocket
boonters. 11, therefore, conld be availible
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within less than a deende, if such an approach
wonbl hevome part of a uational progeam,

Even if the military side of our nationsl
spuice effort wonld gain only o resene, crew
rotution, and in-spuee maintenance enpability
ot of this approneh, sinece the tukeofl site
would be jndependent of the ephemeris data
of the target orbit and vould be land based on
one of our militnry bases a0 big step forward
in enhuneing industeinl and researeh utilization
of spuce might  possibly  resalt,  Tiereusod
industrind ntilization of spuce then would tond
to inerease progressively the annual nnmber of
spuce lninehes, nnd w0, in turn, moke reusable
spuce systems inereasingly more attractive s
compared with curvently uneconomie systems.

One may witness o similur sitaation in enrly
uir transportation, where improvements in
wilitury aireraft spawned’ greater commercinl
use and, in tuen, produced other military sir-
ceaft improvements, 1 this element of mutual
interaction had been missing, the progress of
avintion would have been less dramatic than
it has been,  This story may be repeated again
in spuce flight if wo as o nation Jook at those
elements of progress which are affected by a
high degree of Lautuul support between com-
mercinl std military use nspects.

On the basis of the preceding discussion, one
conld recommend that o vigorous nationul
program be established to study the adapts-
hility of the subsystens of ull of our current
spoee-loineh and spavecrift systems from the
uxpect of their usefulness as rensable compo-
nents of u new system, The study shonld
include:

(1 Estabdishonent of Enrthe anid lunar-orbit
teriminnls made up wminly of speat 3 IV and
N 1 stages amd equipped w0 that they can he
uned to houne personnel, shop fucilition, and
fuel utoruge nppendices,

() Rense of lnnnr Janding sied rendezvonns
modules ax reusable stnttlis between funor
sitfuee mnd lnnse orbit,

9 Use of S H oand S VIS which have
bren modified s that they hecime optinmm
for shuttles hetween Earth orbit and lunare
orhit on n rensuble hasis,

) Augientution of the current  space.
Inunch vehicles by an Eacthemrface to fow-

EXTRATERRESTRIAYL REBOURCEA

Anrthenrbit partinlly reusable system, in which

the fimt stuge would he a horizontal-tuke-
off, horizontaldanding  aireraft.  of  pubsonie
(M--500) or low-supersonie  second-stage
Inunch apeed (M 2.7 to 3.0), The second
atage  should be w  hydrogen-axygen-fueled
expentlublo rocket atage and should he ang-
monted by the already proposed moderate
AV (approximately 4.0 fps) fully recoverable
upper (third; stage of n 40000- to 60000-pound
paylond capubility. In the event u mach 2.7
to 3.0 first stuge is used, it conld he possible
to luy out the third-stuge capability so that all
of the second stage renches orbit and all
expensive major components could be recovered
ngnin with the third, fully land-recoverable,
stage after disussembly of the second stage at
the othital terminal.  The tanks of the second
stage could be salvaged for orbital fuel storage
and other purposes, This possibility is bused
on LH;-1.0; us standard fuel for these missions
und would be more diflicult to achieve if use
of LI;-LF; were plunned,

With liquefaotion and dissociation capabilities
for water, it is visualized that by eguipping
these terminals with nuclear electric power-
plants, water rather than fuel could be brought
to orbit and converted to fuel there; this would
save transport volume and insulation during
ascent through the dense Earth atmosphere.
With this capability, return fuel should be dis-
socinted in lunar orbit, and the lunar reusable
shittle system inaugucated to establish service
between the lunar-orbit terminal and lunar
surface,

The next step could be the establishment of a
lunar oxygen extraction plant, as prt'mnml by
Dr. Rosenberg, which provides interign oxygen
supply.  If now the water is replacell by C'H,
to be brought in feom Earth, the S-11 and
S IVB stages conld be flown back to Earth
orhit aning M, fuel derived from CH, and
oxygen supplied from the Moon, Tt is quite
olnious that this approach increases eargo
capabilitien both ways and could lead to
industrin] exploration and possibly exploita.
tion of commereisl uses in Eagth and lauar
orhits as well a4 on the lunar surface.

With progressing  lunar-surface exploration
wud growth of our selenographical knowledge,
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sourees for hinar wuter may now be éntablished
and the mining teehnology projected which
will be needed to convert it from either water
of hydration, permafrost, or subseleninn water
to liguid oxygen and hydrogen, 1 have pre.
sented only a gross lnyout of these possibilities,
By a closer analysis, one will find that there
exist a number of interim steps, in which
newly nohioved capubilities will, us they reach
their eventunl maturity und eapacity, gradually
relieve the earlier modes of operation,
Contributions of the members of the Work-
ing Group toward the approaches sketched
in this treatise may go a long way toward
increasing U.S, space-flight capabilities and
space-flight contributions to this Nation’s
welfare and future stature, Some of the recent
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spectacilar findings of U.8, lunar landers and
orbiters have confirmed earlier postulations of
our group and brought many of the technieal
thoughts advanced hy its members closer to
renlity thun the majority of the scientifie
community wonid have believed possible, The
fact that the major professional societies pay
inerensing attentlon to this area by including
it in their session programs testifies to the
importance which our work may achieve in our
Nation'’s space operation and exploration ob-
jectives, Timely inclusion of thése presented
possibilities in advanced technology plans
would aid this work in remaining in the fore-
front of progressive space technology and
provide the means to advancés which would
otherwise be difficult to achieve.





